Background: Circular RNAs (circRNAs) play a crucial role in the occurrence of several
| INTRODUCTION
Circular RNAs (circRNAs) are a kind of special non-coding RNA molecules, which have the form of a closed ring structure. 1 Unlike the traditional linear RNA, circRNAs are not digested by traditional RNA exonuclease such as RNase R. 2 Besides, circRNAs are more stable than linear RNAs. These mean that circRNAs are not easy to be degraded.
About their functions, circRNAs are regarded as microRNA (miRNA)
sponges and transcriptional regulators. 3 Recently, many researches have proved that circRNAs can be potential novel biomarkers in diagnosing cancers. 4 For example, some circRNAs are associated with hepatocellular carcinoma, colorectal cancer, laryngeal cancer and so on. [5] [6] [7] Gastric cancer is one of the worldwide most common diseases of mortality. 8, 9 Most of them go to deteriorate and miss the best chance to therapy. However, little is known about the relationship between circRNAs and gastric cancer. As a result, exploring new type of ideal cancer markers is benefit to improve the diagnosis of gastric cancer.
On the basis of our previous circRNA microarray screening (GEO No. GSE89143: https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE89143), we focused on hsa_circ_0003159, which was aberrantly expressed in gastric cancer tissues comparing with normal gastric tissues.
Its gene is located at chr7:81689743-81746489. Its length is 483nt.
By expanding sample size, we found that hsa_circ_0003159 expression levels were associated with major clinicopathological factors of patients with gastric cancer. As a result, hsa_circ_0003159 might become a new marker of diagnosis of gastric cancer.
| MATERIALS AND METHODS

| Patients and sample collection
We have collected 108 paired fresh gastric cancer tissues and adja- After being removed from the bodies, tissues were immediately soaked in RNA-fixer Reagent (Bioteke, Beijing, China), and then stored at −80°C until use.
| Total RNA extraction
Extracting total RNA from tissues was carried out by TRIzol reagent (Invitrogen, Karlsruhe, Germany) following the manufacturer's instructions. Then chloroform was added to separate organic phase from inorganic phase. The isopropanol was used for the precipitation of total RNA. And the extracted RNA was preserved at −80°C until use. RNA concentration was measured using NanoDrop ND-2000
(Thermo Fisher Scientific, Wilmington, DE, USA).
| Reverse transcription
Reverse transcription (RT) reaction was performed in the GoScript RT System (Promega, Madison, WI, USA) using random primers. At the same time, no template reaction was used as a control.
| Polymerase chain reaction
The real-time quantitative reverse transcription-polymerase chain reaction (qRT-PCR) was performed using GoTaq qPCR master mix (Promega) on the Mx3005P QPCR System (Stratagene, La Jolla, CA, USA) following the manufacturer's instructions. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) mRNA was used to normalize the levels of the circRNA. Primers for hsa_circ_0003159 and GAPDH were synthesized by Sangon Biotech (Shanghai, China). Their sequences were as follows: 5′-ACTGGGAATGGAGGAAGA-3′
and 5′-TGAGAAAGGATTGAGGGAAAAG-3′ for hsa_circ_00031
59; 5′-AAGCCACCCCACTTCTCTCTAA-3′ and 5′-AATGCTATCA CCTCCCCTGTGT-3′ for GAPDH. The ΔC t method was used to analyze the data. 4 Through three independent experiments, all results were expressed as the mean±SD.
| Statistical analysis
We used spss 18.0 software (SPSS Inc., Chicago, IL, USA) for data analysis. The t test was used to analyze the differences in hsa_circ_0003159 levels between gastric cancer tissues and paired adjacent non-tumorous tissues. The relationships between hsa_circ_0003159 levels and clinicopathological factors of patients with gastric cancer were further analyzed by one-way analysis of variance (ANOVA). We established a receiver operating characteristic curve (ROC) to evaluate the diagnostic value.
| RESULTS
| Amplification of circRNA-hsa_circ_0003159
We first analyzed the specificity of the amplified hsa_circ_0003159 product. Our melting curve analysis indicated that the amplified product showed only a single peak. This means that there was neither non-specific amplification no primer dimers. After sequencing the hsa_circ_0003159 amplified product (Figure 1 ), we can make the conclusion that the sequence was completely consistent with that from CircBase (http://circbase.org/cgi-bin/simplesearch.cgi). All of these prove that hsa_circ_003159 exists in gastric cancer tissues and could be efficiently amplified by qRT-PCR.
| Expression of hsa_circ_0003159 is down-regulated in gastric carcinoma tissues
Then, we detected the expression of hsa_circ_0003159 in 108 paired gastric cancer tissues and non-tumorous tissues. As shown in Figure 2 , its expression levels in cancer tissues from patients with gastric cancer were lower than those in corresponding non-tumorous tissues.
| Potential diagnostic values of hsa_circ_0003159 in gastric cancer
Next, we performed an analysis to evaluate the potential diagnostic value of hsa_circ_0003159. The results showed that hsa_circ_0003159
The sequencing result of the products of qRT-PCR for hsa_circ_0003159
expression was associated with some clinicopathological factors of patients with gastric cancer (Table 1 ). The result indicated that the expression of hsa_circ_0003159 was associated with gender (P=.003), distal metastasis (P=.020) and TNM stage (P=.018). These clearly indicated that advanced and distal metastasis cancer patients were related with lower expression levels of hsa_circ_0003159. The majority of these gastric cancer patients are male (67.6%). We did not further find the relationship between hsa_circ_0003159 levels and other clinicopathologic factors such as differentiation, lymphatic metastasis, and age (Table 1) .
We speculated that this circRNA might be used as a biomarker of gastric cancer. So we established a ROC curve. The area under ROC curve (AUC) was up to 0.75 (P<.001, Figure 3) . The sensitivity and specificity were 0.852 and 0.565, respectively. The cutoff value (ΔC t ) was 12.31.
| DISCUSSION
As early as the 1970s, circRNAs were found in the RNA viruses.
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Hsu and Coca-Prados first reported that RNAs were existed in the eukaryotic cytoplasm in the shape of circularity. 11 Recently, with the rapid developments and widely applications of RNA sequencing, many researchers have found that circRNAs can be formed by Bold numbers indicate significance at P < .05.
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